Summary Emission from the v=1{0 S(1) line of molecular hydrogen has been mapped in the bipolar out ow NGC 2071. The line emission peaks at 6 positions distributed irregularly along the two lobes, which extend over a distance of 1pc. These lobes are parallel to, but o set 20 arcsec from, the lobes of high{velocity CO line emission. Spectra from 2.1 to 2.45 m of the H 2 emission lines are typical of shock{excited emission. The total H 2 line luminosity is estimated to be 4:5 L . Pro les of the 1{0 S(1) line are relatively narrow (< 30 km s ?1 FWHM) for shocked gas. The peak velocity varies systematically across the source, in a manner consistent with the observed bipolarity of the mm{wave CO line emission. The H 2 lines probably originate from dense clumps of molecular gas, lying along one edge of the out ow cavity, which are being shocked by a high{velocity wind. There is evidence for partial dissociation of the molecular gas into atomic gas by the shock, but the lack of detectable Br line emission puts a low upper limit on the degree of ionisation of the gas. The energetics and composition of the high{velocity gas seem consistent with a model in which the driving agent is a bipolar atomic wind, arising from the vicinity of the central IR sources, sweeping up and shocking the surrounding molecular cloud and evacuating a cavity within it.
Introduction
Shocked molecular hydrogen lines, emitted at various infrared wavelengths, provide a direct probe of energetic interactions occurring within molecular clouds. The line emission traces the regions where high{velocity gas, typically participating in an out ow from a young stellar source, drives into the molecular cloud, converting some of its bulk energy of motion into internal energy of the gas, which then radiatively cools. Studying this line emission allows one not only to examine the structure of, and physical processes occurring within, a molecular shock, but also to determine the energetics of the out owing gas, which facilitates the study of the cause and mechanism of the enigmatic out ow phenomenon.
One particular source which seems well suited to this kind of investigation is NGC 2071, a region of active star formation, located inside the northern part of the Orion B molecular cloud complex at a distance of 500 pc. A molecular out ow near the re ection nebula NGC 2071 exhibits two lobes of well collimated, high{velocity blue{ and red{shifted CO gas (e.g. Bally 1982 . Coincident with this ow is a region of far{infrared emission with total luminosity 1000 L (Harvey et al. 1979 , Sargent et al. 1981 , which contains a cluster of four 10 m sources (Persson et al. 1981) . Three of the 10 m peaks have associated compact HII regions (Bally & Predmore 1983 , Snell & Bally 1986 , and H 2 O and OH masers are located near the cluster (Schwartz & Buhl 1975 , Pankonin, Winnberg & Booth 1977 , Campbell 1978 , Genzel & Downes 1979 . In addition to the high{ velocity CO line emission (with FWZI > 70 km s ?1 ), high{velocity lines of CS (Takano et al. 1984 , Takano 1986 ) and NH 3 (Takano et al. 1985) have been detected. The region of high{ velocity line emission is about 5 arcmin in extent, corresponding to 0.75 pc, and the width of the ow observed in the J=2{1 CO line is 1{2 arcmin. The high{velocity line emission has been modelled as originating from numerous dense clumps of gas swept up into a thin shell by a collimated stellar wind and ploughing into the ambient molecular cloud (SSSE). Low{velocity CS and NH 3 line emission originates from an elongated structure orthogonal to the high{velocity CO bipolar ow, which has been interpreted as a rotating molecular disk ).
Emission from the 1{0 S(1) line of H 2 in NGC 2071 has been mapped by Bally & Lane (1982) , Simon & Joyce (1983) and Lane & Bally (1986, hereafter LB) , and recently at high (1 arcsec) resolution by Garden et al. (1988) . LB found that much of the emission originates from several bright spots distributed along the two lobes. The lobes are parallel to those of the high{velocity CO line emission (SSSE), but are o set by 15 arcsec. There is a prominent 1 arcmin gap in the emission between the two H 2 lobes. The previous observers have concluded that the H 2 line emission arises in cooling gas, lying behind shock waves generated by the interaction of a high{velocity wind, from a central source, with dense molecular gas.
Of particular interest to the study of shock interactions in molecular clouds is the detection of high{velocity 21cm atomic hydrogen (HI) line emission (Bally & Stark 1983 , Bally 1986 ). This emission comes from two lobes containing high{velocity blue{ and red{shifted gas, with overall morphology similar to that of the H 2 line emission. There is, however, a signi cant anti{correlation of the H 2 and HI emission peaks, and Bally concludes that the HI is probably produced in dissociative shocks and is unlikely to play an important role in the dynamics of the out ow.
In this paper we present new data on the near{infrared H 2 line emission, particularly the 1{0 S(1) line, in this source. The line emission has been mapped, and found to be more extended than by previous workers. Low resolution spectra have been obtained at four locations, allowing a determination of the excitation mechanism and extinction to the source. Velocity{resolved pro les of the S(1) line were obtained at three positions in order to study source dynamics. Combining these data with radio data, we discuss possible origins for the high{velocity atomic and molecular gas present, and also a scenario for the out ow involving a neutral, atomic wind sweeping up and shocking ambient cloud gas.
Observations
The observations were obtained with the 3.8m United Kingdom Infrared Telescope (UKIRT), on Mauna Kea, Hawaii, during 1985 January and 1986 January. They involved the use of a circular variable lter (CVF) of velocity resolution 2500 km s ?1 and Fabry{Perot interferometers (FPs) with 130 and 35 km s ?1 resolution, and involved various observing techniques.
The map of the 1{0 S(1) line was obtained by placing the FP with 130 km s ?1 velocity resolution in front of the CVF tuned to 2.122 m. The transmitted light was viewed by an InSb detector through an aperture diameter of 19 arcsec FWHM. The FP was frequency{ switched between the line wavelength and a reference frequency at a nearby uncontaminated part of the atmospheric spectrum. The map was made by raster scanning the telescope along a grid of positions covering the source. The integration time for each position was 16s, of which 8s were spent on line. As velocity shifts are less than 40 km s ?1 between positions on the map (see x3.3), with linewidths 130 km s ?1 , we believe that the line intensity distribution derived is accurate.
The resulting S(1) line emission map, smoothed by a Gaussian lter of width 20 arcsec, is presented in Fig. 1 . It contains about 400 pixels. Pixel separation within the lobes is 10 arcsec (i.e. fully{sampled) and is 20 arcsec outside. The (0,0) position is located on IRS1, at 5 h 44 m 30:6 s ; +0 20 0 42"(1950:0), with absolute pointing errors of any pixel estimated to be accurate to better than 10 arcsec. The relative pointing between nearby pixels is accurate to better than 5 arcsec. Wavelength and line ux calibrations were made on the peak of the 1{0 S(1) line in OMC{1, which we have measured to be (3:5 0:5) 10 ?18 W cm ?2 through the same aperture. Absolute intensities are estimated to be reliable to about 20 per cent and the relative intensities of di erent pixels are accurate to about one unit, 7:0 10 ?21 W cm ?2 , on the ux scale used on the map. Low{resolution, fully{sampled spectra from 2.10 to 2.45 m were obtained at four of the brighter positions, and are shown in Fig. 2 . This wavelength range includes the H 2 1{0 S(1), S(0) and several Q{branch lines, the 2{1 S(1) line, and the HI Br line. These observations utilised the CVF, a 19 arcsec aperture and a chopper throw of 120 arcsec E{W. Total integration times were about 30s per position, per wavelength setting (including time spent chopping onto the sky). The intensities were calibrated by observing HD 84800 and HR 2241, assumed to have K magnitudes of 7.53 and 4.00, respectively.
High{resolution pro les of the 1{0 S(1) line were obtained at three locations. These observations utilised an FP of velocity resolution 35 km s ?1 , in series with the CVF (tuned to 2.122 m) and InSb detector, viewing a 12 arcsec aperture. The FP scanned over a 330 km s ?1 range in steps of 15 km s ?1 . Integration times were about 20 min for the two brightest positions, and 50 min for the faintest position. The resultant pro les have been deconvolved using the maximum{entropy method (MEM) (Willingale 1981 , Skilling & Bryan 1984 . A discussion of the technique appears in Burton & Geballe (1986) . The S(1) line pro les are shown in Fig. 3 ; for each position the observed pro le, deconvolved pro le and simulated pro le (convolution of the data with the instrumental pro le; calculated as a consistency check), are shown. All three observed pro les, and the pro le of an Argon line, are presented in Fig. 4 . Since the lines are narrow, the deconvolution algorithm has di culty in converging to the MEM solution, which would be a {function for an unresolved line. This results in the simulated pro les having too weak a ux at line centre.
Results

Morphology
From Fig. 1 , it is evident that much of the 1{0 S(1) line emission originates from several clumps distributed along two well{de ned bipolar lobes, centred on, and extending roughly equal distances from, the infrared source, IRS1. The emission region is comparable in length, 6 arcmin ( 0:9 pc, at an assumed distance to the source of 500 pc), and orientation to that of the high{velocity CO line emission from the source, but is considerably narrower, 30 arcsec ( 0:07 pc), than the 1{2 arcmin width of the CO. The extent of the S(1) line emission is greater than shown in previous maps (e.g. LB). Six distinct emission peaks have been resolved, four along the NE (blue{shifted) lobe, and two along the SW (red{shifted) lobe. These peaks are not co{linear on the sky, but, as described by LB, curve slightly in an extended S{like distribution. The uxes from the emission peaks are given in Table 1 .
Although the morphology of the S(1) line emission determined by us is generally similar to that found by LB, there are some di erences. The positions of some of the peaks di er by 5{15 arcsec in the two maps. We nd an o set of 20 arcsec between the H 2 and CO line emission (as mapped by SSSE), slightly larger than that found by LB. The IR cluster of sources (Persson et al. 1981) appears to be centred about 15 arcsec south of the brightest peak of the blue lobe as mapped by LB; in our map this clump of emission, although enclosing the IR cluster, is centred about 15 arcsec to the east of it. It is clear from both maps, however, that the IR sources are not located in the gap between the two emission lobes. Finally, we detect faint extended line emission in and near the gap between the two bright lobes, as well as an arc of faint emission extending to the SE of the brightest of the peaks of the NE lobe; neither of these was detected by LB. The arc may be a region of re ected line emission, as in the source OMC{1 (Hough et al. 1986 ). Polarimetry of the line emission would test this conjecture.
Excitation Conditions
The excitation of the emitting gas has been investigated using the spectra in Fig. 2 . The 1{0 S(1), 1{0 S(0) and 2{1 S(1) line intensities are listed in Table 2 , together with the column densities of the upper{level of each line. The hydrogen Br line, at 2.166 m, was not detected at any position and, adopting a conservative 3 upper limit, has line ux < 3 10 ?21 W cm ?2 through a 19 arcsec beam. Line ratios for the observed H 2 lines are presented in Table 3 . The relative line intensities are similar at the four positions observed. The average value of the 1{0 S(1) : 1{0 S(0) : 2{1 S(1) line ratio is 10.7 : 2.5 : 1.0. This is very similar to the value observed in OMC{1 (10.3 : 2.5 : 1.0 { see Burton et al. 1988a) , a source in which the H 2 line emission is shock{excited.
For any line pair, the excitation temperature corresponding to the emitting levels is given by
where I is the observed line intensity, A the radiative decay rate for the transition (taken from Turner, Kirby-Docken, and Dalgarno 1977), g the statistical weight of the level, the line frequency, E the energy level of the upper state of the transition (taken from Dabrowksi & Herzberg 1984) . The (small) di erential extinction between the wavelengths of the above three H 2 lines has been neglected. These temperatures are listed in Table 4 . The average vibrational excitation temperature between the v=1 and v=2 levels is 1950 75 K, and the average rotational temperature between J=2 and J=3 in v=1 is 1100 175 K. These are lower than the corresponding values measured by LB (2690 240 K and 1420 240 K), but typical of values measured in shocked molecular sources (e.g. Burton et al. 1988b ). We note, however, that H 2 line emission from a dense photo{dissociation region can simulate that from a shocked region, if the molecular gas has been heated to temperatures of order 1000 K by the process of UV{ uorescence followed by collisional de-excitation, in densities 10 5?6 cm ?3 (e.g. Hollenbach 1988, Burton, Hollenbach & Tielens, in preparation) . For conclusive evidence of shock{excitation it is therefore necessary to study the motions of the emitting gas. Table 5 . The line was essentially unresolved at this resolution, at all three positions, implying that the intrinsic FWHM's at these locations are < 30 km s ?1 . In addition, we do not nd evidence for a 100 km s ?1 wide pro le, as reported by Persson et al. (1981) , who used a 6 arcsec beam on the peak located near the IR cluster. There is a systematic gradient in the S(1) line emission velocity, running from +10 km s ?1 V LSR at the peak of the`red' lobe, through 0 km s ?1 at the peak of the`blue' lobe, to ?17 km s ?1 in the peak at (+20",+50"). The velocity range in the`blue' lobe is comparable to the range in velocities of the CO line emission from that lobe (SSSE), but the S(1) line velocity at the single position observed in the`red' lobe is similar to that of the ambient molecular cloud.
Although our data do not provide unequivocal evidence for high{velocity gas motions in the H 2 line emitting gas at any one location, they show that relative velocities of at least 25 km s ?1 exist between emitting regions, and that the velocities are in some way related to the high{velocity out ow seen in the CO lines. The velocity shifts, the overall similarity between the CO and H 2 line maps, the relative line ratios at the peaks, and the evidence for high velocity motions in other species such as HI and CS, lead us to conclude that the H 2 line{emitting gas is shock{excited, driven by the high{velocity out ow present in the source. This conclusion is in agreement with those of previous workers (e.g. LB).
Extinction
The extinction to the H 2 line emitting gas can be crudely estimated from the ratio of the v=1{0 Q{branch lines (2.4 m) to the 1{0 S(1) line (2.12 m) (see Scoville et al. 1982 , Burton et al. 1988a . We compare the Q/S(1) ratio with that measured in OMC{1 (2:5 0:1) on the same night. The observed ratios in NGC 2071 suggest that the extinction is smaller than to OMC{1; indeed some of the ratios imply zero extinction. Because of the narrow widths of the H 2 lines, however, the observed Q{branch intensities can be severely a ected by telluric line absorption. The extinction at 2.2 m to OMC{1 probably lies in the range 0.5{2 mags. (e.g. Beckwith et al. 1983 , Brand et al. 1988 , with the most recent measurements suggesting it lies towards the low end of this range. We adopt 1 mag. as the extinction at 2.2 m to NGC 2071, but recognise that there are severe uncertainties in this estimate. LB adopted 2.7 mag. based on estimates of the molecular column density to the core, but we believe this estimate to be too high from our comparison with OMC{1.
Physical Parameters for the Shocked Gas
The total 1{0 S(1) line ux detected from NGC 2071 is 1:5 10 ?18 W cm ?2 , which corresponds to a source luminosity of 0.12 L and a mass of hot gas in the (v,J)=(1,3) level of 2:3 10 ?6 M (assuming the source distance is 500 pc and not correcting for extinction). Adopting one magnitude of extinction at 2 m, and correcting for the fraction of emitting gas in the (1,3) level (see Burton et al. 1988a ), the total luminosity and mass of hot H 2 are L H 2 4:5 L and M Hot H 2 4 10 ?4 M . The former value is about 3% of the luminosity of the shocked H 2 in OMC{1 (Beckwith et al. 1983) . Column densities of hot, shocked H 2 at each emission peak are listed in Table 1 . The maximum value, 1 10 18 cm ?2 in each lobe, is about 1% of the greatest column density observed in OMC{1. Assuming that a 10 km s ?1 shock wave is propagating into the molecular gas, these column densities imply that the average pre{shock density in the beam is of order 10 5 cm ?3 .
Discussion
Location of the Hot Molecular Hydrogen
The present data, in conjunction with the observations of other molecular and atomic lines, provide compelling evidence that the observed H 2 line emission arises largely in formerly ambient cloud material that has been shocked by a high{velocity bipolar wind. It is possible that some of the emission occurs within the wind itself; however, the lack of evidence for high{velocity emission in the observed H 2 line pro les strongly constrains the degree of this activity. The relative uniformity of the CO high{velocity line emission along each lobe, in comparison to the clumpiness of the H 2 line morphology, is further evidence for the interaction of a rather freely out owing gas with molecular cloud material of varying concentration. Finally, the apparent o set of the CO emission from that of the H 2 implies that the bulk of the H 2 line emission occurs at the edges of the out ow, rather than within it. This is consistent with the model derived by SSSE from their CO data. They suggest that the interaction of a wind with ambient gas occurs mostly at the end of a jet, rather than continuously along its length. In the model, a high{velocity wind lls an evacuated cavity and the swept{up gas, lying along the walls of the cavity, produces the bulk of the high{velocity CO line emission.
Although there are some di erences between our S(1) line map and that of LB, we both nd that the major axis of the 2{1 CO line emission region, as measured by SSSE, is o set by some 15{20 arcsec from the axis of the S(1) line map. The IR cluster is located centrally along the S(1) axis. It would appear that this o set is real. SSSE estimate their absolute pointing to be accurate to better than 10 arcsec, and determine the centroid of the out owing CO gas to lie 15 arcsec north{west of the IR cluster. An H 2 O maser (Schwartz & Buhl 1975 , Campbell 1978 , Genzel & Downes 1979 and an OH maser (Pankonin, Winnberg & Booth 1977) are located symmetrically about the IR cluster and o set from the CO axis. Figure 5 presents an overlay of the S(1) line map and the high{velocity HI and 2{1 CO maps. If this o set is real, it would imply that the shocked molecular gas lies along just one side of the molecular out ow. The irregular distribution of the H 2 line peaks in the lobes, and the velocity gradient along them, suggests that the jets are not linear features. The distribution is reminiscent of that of the S(1) line emission from the bipolar out ow DR 21 (Garden et al. 1986 ). In DR 21, however, the velocity pro les are broader (up to 150 km s ?1 wide), with the peak velocity oscillating along the lobes. The narrow widths in NGC 2071 would suggest that at each peak the lines are dominated by emission from a single shock, rather than from an ensemble of clumps moving with varying velocities. The systematic velocity shift could result from a tilt out of the plane of the sky of the out ow, with the blue lobe curving towards us and the red lobe being in the plane of the sky (to account for the emission velocity there being at the same velocity as that of the ambient cloud). However, pro les have only been observed at three of the peaks. Velocity{channel maps may reveal more complex velocity structure.
Origin of Observed HI and H 2
The presence of high{velocity atomic hydrogen and shocked molecular hydrogen, together with the absence of ionised gas in NGC 2071, constrains models of the shock. The mass of high{velocity atomic hydrogen present is only 0:1 M , and consists of 0.05 M in the core around the IR cluster and 0.05 M in the jets (Bally & Stark 1983 , Bally 1986 , while the mass of out owing molecular gas is 10 M (SSSE). The 3 upper limit on the Br line intensity, from this work, limits the amount of ionized hydrogen to less than 2% of the 0.0004 M of hot, post{shock molecular gas.
As discussed in Burton et al. (1988a) there are several possible origins for the presence of high{velocity atomic and molecular gas in a source. The observed H 2 may be shocked or it may have reformed after being dissociated by the shock. The atomic hydrogen may be dissociated H 2 , ambient HI (i.e., cloud material), out owing HI in the wind, or recombined HII. The spectrum of the H 2 does not resemble that predicted from models of recombining gas (e.g. Duley & Williams 1986 , Hollenbach & McKee 1988 . This implies that the observed H 2 is indeed shocked. The low limit on ionised gas from Br suggests that the observed atomic hydrogen is not recently recombined ionised gas. Likewise, the high{velocity atomic hydrogen clearly cannot be a component of the ambient molecular cloud. Therefore the HI might only be either wind material, or shocked and dissociated H 2 . A 21cm map of the HI (Bally 1986 ), however, reveals that the HI is o set from the CO in much the same manner as the H 2 line emission (see Fig. 5 ). This implies that it is associated with the shocked gas, rather than with the freely expanding out ow. A detailed comparison of the H 2 and HI peaks shows that they are anti{correlated. As the degree of dissociation behind a shock depends on its velocity, which is inversely proportional to the density of the cloud, this anti{correlation suggests that the HI peaks correspond to low density regions of the cloud. Where the H 2 line emission peaks, then, the clumps are denser, the shock velocity lower, and the degree of dissociation smaller. This e ect could be tested further by obtaining velocity{resolved maps of the H 2 and HI line emission. Similar maps of the OI 63 m line, which has already been detected in NGC 2071 (Haas, private communication) could also be revealing, as this line is predicted to be particularly intense in fast shocks (Werner et al. 1984 ). In conclusion, we infer that the high{velocity atomic gas in the jets is mostly dissociated molecular material behind shock fronts. We note that if the HI does not then recombine, then the shocks in NGC 2071 cannot be strongly dissociating. The amount of atomic hydrogen generated per year, 6 10 ?6 M (using a dynamical timescale for the out ow of 1:6 10 4 yr; SSSE), is 4 10 ?4 M , the amount of hot H 2 , which has a lifetime of about 1 year.
Nature and Energetics of the Out ow
In this section we estimate the energy budget of the high{velocity and shocked material in NGC 2071 in order to determine the mechanisms controlling the dynamics of the out ow. In particular we investigate the possibility, suggested by SSSE and Snell & Bally (1986) , that the out ow is driven by a neutral wind from a central source. We also attempt to determine the dominant cooling mechanisms at work.
Estimates of the mass loss and wind speed, assuming a steady momentum{driven wind, required to account for the CO data (SSSE) and also for a jet model to account for the shocked H 2 luminosity (LB), give dM w =dt 4 10 ?5 M yr ?1 and V w 100 km s ?1 (thè jet model' estimate is not changed substantially by the data presented here). Over the life of the out ow the total mass lost is 0:6 M , much less than the mass of out owing molecular gas ( 10 M ). Most of the high{velocity molecular gas must therefore be swept{up material and not original wind material. The mass loss through ionised winds from the compact HII regions around the IR sources is 2 10 ?6 M yr ?1 (Snell & Bally 1986) , much less than the required mass loss rate to power the out ow. Thus the ionised gas can at most be a small fraction of the wind material.
Conserving momentum between wind material, lling an evacuated cavity, and out owing molecular gas, lying in a surrounding shell, the wind mass, M w , is given by
where M f is the mass of out owing molecular gas and V f the mean out ow velocity ( 8 km s ?1 (SSSE; see their eqn. 9). Thus M w 0:06 M , comparable to the mass of high{velocity 21cm HI in the vicinity of the IR sources (Bally & Stark 1983) . As the wind expands it is diluted and the emission from the highest velocity gas becomes too weak to detect. The HI gas observed in the lobes is probably dissociated gas, as discussed in the previous section.
The mechanical luminosity injected into the neutral wind, 1=2 dM w =dt V 2 w , is 30 L . This is very much less than the stellar luminosity (L FIR 1000 L , Sargent et al. 1981) , but an order of magnitude larger than the mechanical luminosity of the out owing molecular gas ( 4 L , SSSE). The majority of the energy input to the ow must be radiated away after shock heating the gas, or go into dissociation of the molecules. This energy transfer occurs behind the shock front. Our estimate of the H 2 line luminosity ( 4:5 L ) demonstrates that it is a signi cant cooling mechanism for the gas. These estimates are, of necessity, crude, and we cannot yet determine whether molecular hydrogen line radiation is the dominant coolant for the gas, or whether it may be, say, OI] 63 m line emission or molecular dissociation.
To summarise, the momentum estimates for the molecular, atomic and ionised material present are consistent with the molecular out ow being driven by a fast, atomic wind from the neighbourhood of the IR cluster. Molecular hydrogen line radiation is an important cooling agent, but may not be the dominant cooling mechanism at work.
Location of the Source of the Out ow
In all likelihood, the source of the wind is located near the gap between the lobes of H 2 line emission. Clearly, one or more of the several infrared sources found near the gap, approximately centred relative to the axis of the bipolar ow, are plausible candidates for the source of the out ow. Compact HII regions are associated with these objects (Snell & Bally 1986 ), but the near{infrared recombination lines have not been detected (Smith et al. 1987) , indicating an extinction to these objects that is much higher than to the coincident H 2 line emitting region.
If one or more of the above infrared objects provides the driving wind, then the brightest peak in the northeast (blue{shifted) lobe, on which the infrared sources are superposed, may not actually be a part of the bipolar ow, as it would not be situated in one of the lobes of the ow. Instead it would constitute shocked gas either in front of, or behind the out ow source, or surrounding it. In addition, the gap itself would then probably have little signi cance; it would not be due to a disk{like structure, as such a structure would heavily obscure the 10 m sources and the superimposed H 2 emission. However, the H 2 line pro le at this position is narrow, giving no indication that this is shocked gas directly along the line of sight to the wind source. Therefore, one perhaps cannot rule out the possibility that an object which is hidden in the gap between the lobes is the actual source of the out ow in NGC 2071. One should note, however, that such an object would not be symmetrically placed between the two CO lobes.
Conclusions
A map of the H 2 1{0 S(1) line has been obtained in NGC 2071. The emission displays a bipolar morphology, similar to that of the high{velocity CO and HI line maps. The two lobes of emission are centred on a cluster of IR sources and o set from the axis of the CO lobes. The bulk of the S(1) line emission arises from 6 peaks distributed irregularly along the lobes. Spectra of the 1{0 S(1), 1{0 S(0) and 2{1 S(1) lines demonstrate that the emission is typical of shock{excited sources. Velocity pro les of the S(1) line are narrow (< 30 km s ?1 FWHM), but show a systematic variation of the emission velocity, from`red' to`blue', moving from the peak of the red lobe out to the blue lobe. The total 1{0 S(1) line ux is 1:5 10 ?18 W cm ?2 , which corresponds to a total shocked H 2 line luminosity of 4:5 L assuming 1 mag. of extinction. A model for the out ow is discussed, involving a high{velocity, bipolar, neutral wind from the vicinity of the IR sources sweeping up ambient gas and evacuating two cavities. The shock, which is concentrated alongside one edge of the cavity, partially dissociates the molecular gas into atomic gas, but the total mass of the dissociated gas, and the mass lost through the wind, is small compared to the total mass of molecular gas swept up and accelerated. Molecular hydrogen line radiation behind the shocks is an important mechanism for ridding the wind of its energy. ( Fluxes are in W cm ?2 ; for each object, the rst row is the line ux and the second row the 1 error. The third row is the upper{level column density in cm ?2 . The gure in parenthesis is the exponent (i.e. (-19) denotes 10 ?19 ). Two rows of data analysis are presented. In the rst is the mean value of line ratio. In the second is the range for the ratio, derived from the 1 errors of the line uxes. These parameters were derived from the deconvolved line pro les. Observations were made through an 11 arcsec aperture. Fluxes are in arbitrary units; the`total ux' is the area under the line and the`central ux' is the ux in the central velocity channel (of width 15 km s ?1 ). An approximate calibration is that 1 unit 8:4 10 ?21 W cm ?2 . V LSR is the estimated velocity of the peak emission with respect to the local standard of rest (with error 5 km s ?1 ). FWZI and FWHM are the full{width zero{intensity and half{maximum velocities of the line. Figures in parenthesis give the red{ and blue{extent of the emission. The ambient molecular cloud has velocity V LSR = +10 km s ?1 . 
